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INTRODUCTION 


This report presents the results of a study made on the effect of air-to- 
air refueling on the mission capability of the proposed Lockheed All air- 


craft. The characteristics of this airplane are described in Lockheed 


Report SP-114. Briefly, it isa single-place, twin J58 turbojet powered 


supersonic reconnaissance type, which operates at a cruising speed of 
Mach 3.2 in the altitude range of 85,000to[ _—i|feet.. Basic combat STAT 


range of the type is expected to be over[ _—_—_—nautical miles. STAT 


eee studies on the effect of various types of refueling missions were 


tet aimed at sncreeeine the penetration gapabilty: They oars ended 


a) 


up ‘with the doncluston that little could be gained in operating radius under 


“the ground rules set up (refueling © over friendly or neutral territory). 
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DISCUSSION 


“In the current study, a new approach is taken. No effort is made to in- 

crease the Penetration capability, but instead, the problems of basing 

' on foreiga, soll and” use of multiple bases are solved. This is done by the 

following : means: | 

eee 1. Standard KC+135 tankers, probably based in Fairbanks, Alaska, 
| for most operations, will be used. 
os The basis A- n1L's equipped for — air-to-air seruetog: will be 


“Based at Edwards Air Force Base o nly. 


AGS. s x ae oe “Tankers and the A> “11's will be eNiseea with stellar-corrected - 


inertial 1 Guldance * ystems capable of of lating each balreraft within ee 


“Fhe ‘ghte to ‘and, fain the refieling ‘points will be made at the ao. 2 


ae fs 


i “nittade for beat range. Penetrations will be flown at maximum 


vaee 


altitude: 
7. No refueling operation is carried on closer than 100 miles of the 


Russian border or coast line. 
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SUMMARY 
The study reveals the following conclusions: 
1. It is entirely practical to use a single operating base for the 


A-1l type aircraft for the mission involved. This can readily 


be. Edwards Air Force Base of sd STAT 


2. The A-11 aircraft is very compatible with the existing KC~135 
one ' refueler at altitudes between 25,000 and 40,000 feet and cruise 
fo ‘Mach numbers of .70.to . 82. a 


: 7 ‘Stellarrinertil navigation greatly rimplifies 2 rendexvous Prob- a a 


-howia ¥ very / compiteated ‘routing. | oe _ - » z oe Jot a : 


: Be Very obvious security advantages are provided by using the 
proposed system. 
6. Operating cost is greatly reduced compared to any other air- 


craft system. — 
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SUMMARY (cont. ) 
7. Political problems of basing are eliminated. 


8. Flexibility in tactics, avoidance of enemy radar alerts from 
ground information sources and more rapid data processing 


‘are provided by this system. 
9. 3 Personnel and morale problems are greatly improved. 


10, - Much better maintenance, data processing and operational 
Cae ot Bee anes facilities can be provided. . 
ce elernent of surprise is greatly enhanced, 


“The ‘peed of the A- “11 is such that tankers for both refuelings | - | 
sf oe are ¢ cruising toward their rendezvous before the A- ww takes ‘off, 


“They land after the A-ll has retuned to the arband at Edwards 


7 ' Air'Force Base. 


. The body of the report presents the basic data from which the above has 


been derived. 
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" altitude radius. Actually, the only significant coverage e gained By use of 


“a no e ootside the penetration Limit. 


x : Refadling logations are : Umited oO an arbitrary 100 neutical 2 mile ‘distancs 


; on their respective bases. “The Kc- 135's ability to supply | a fall shel load ie 
o to thé Atl at distances up to 2, 750 ‘dautigel miles from base id. it with 


a in Heach of all strategically important refueling sointe: when. éperating out 


by approximately 285 nautical miles for an aleibode loss of 7,650 feet (9%). 
io range, ‘the penetration limit shown in Fig.1 was determined by the maximum= 


7 lowes altitude is the emall portion of Russian atersttony = south of the Aral Sea 


i from the Russian ¢ coast and by the zange capabilities of the. aiveraft from rr a - 


"of Fairbanks, “The A-ll is capable of reaching these refueling points with 
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MISSION CAPABILITY 


The mission of the A~1]1 airplane requires that the maximum possible 
land area of Russia and China be covered at the highest altitude and. speed 
Poseibie: Range and altitude requirements are conflicting to a moderate 


had i use of See ae renee altitude would increase penetration radius 


Since the higher altitude is considered to be of greater PELOTADCE than 


= 


eee, 


ae * ad 


sAcciatels veaeives from Edwards Air Force Base in 2.6 hours and the 
penetration leg of the mission is completed in 2.4 hours. When one-half 


hour is allowed for each refueling contact (15 minutes_search and 15 minutes 
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MISSION CAPABILITY (cont. ) 


for fuel-transfer), the total duration for a maximum penetration mission 


becomes 8. 54 hours. 


Fig. 2 ia a  timedistance plot of this mission. The speed difference is 
pt that the re “11 ‘takes off only after the tankers are on ikele way and 


“ands back ai: ‘Edwards before the first tanker ‘has returned to Fairbanks. 


+ Many advantages are gained from confining A-11 operations to the Air| 
oo Feree Test Center at Edwards. It is believed that the number of sisplane 
me " in operation at any one time will be small -- comparable to the number 2 re-. a 


- quired for hake testing of n new ‘combat types. ‘Close ‘contractor. Matson ae . hon 


~ean be -conventently riaintained without attracting, any t randue attention: 


= ee ape 


# : a Tanker opeiations from Fairbanks mone: continue. to; ‘aBpeer - routine, aad 


8 


- no Astt aireratt would be # seen in the victaity except in case sf. remiargency. ae ce 


“the comprehinsive facilities at Edwards and its proximity to the Contract” a 
ately says co! 


tor's ‘plants. should be a definite aid in obtaining early operational ststus. ie 


a 


Since the readite of the gilesion are on film which must be processed and 
analyzed, the mission should terminate where this work can be done, or 


from where the film can be quickly transported as required. 


Operating efficiency and safety should be at a maximum when operating 
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from 4 Versatile base with near~ideal weather Conditions. There is 
hardly any doubt that Pilots would prefer a single round trip from home 
to a flight with stopovers at a remote base where weather is a Serious 
problem. The pilots' Pre-flight preparations for high altitude missions 
is another factor in favor of a single long flight instead of two or three 
shorter segments. Reliability is certainly not enhanced by breaking up 


a mission into several flights. 


Although the duaieesticica mission based at Edwards is believed to be 
the optimum, combining maximum security and efficiency, it is realized 
that many diverse factors influence the choice of operation methods. Not 
the least of these is the desire for flexibility to avoid establishing a pre- 
dictable operating pattern which would allow counter~measures to be set 


up in advance by the Russians. 


F ° 
or us: reason, the three-refueling mission capability is included in 
Fig. 3 : ‘ 

1g. 3 and the non-refueling and single-refueling missions are shown 
in Fig. | 

nFig. &, From the data in this report, and by using these missions 


s : 
Sa guide, any number of Optional missions utilizing Currently available 


bas can be analyzed, 


FORM S7a7A 1 


Approved For Release 2004/05/13 : CIA-RDP89B00980R000400040001-6 | 
| 


STAT Approved For Release 2004/05/13 : CIA-RDP89B00980R000400040001-6 


Next 3 Page(s) In Document Exempt 


Approved For Release 2004/05/13 : CIA-RDP89B00980R000400040001-6 


sei See _____ 
J. > +" approved For Release 2004/05/13 : CIA-RDP89B00980R000400040001-6 ey ee 


Lc hockheed AIRCRAFT CORPORATION 


A _ : CALIFORNIA DIVISION 


£ 


MISSION CAPABILITY (cont. ) 


STAT 


- 


atte t ‘ c ons ee oe ame +r 


ee “Although this situation is by no means typical, since most adects aes 
_ meh greater range margins, the extremely serious consequences ofa pre 
‘ined refueling strongly suggest the dispatch of two tankers to each 


refueling rendezvous. The fuel expended by the extra tanker is surely 
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MISSION CAPABILITY (cont. ) 
a modest price to pay for the added protection provided for the A-11 pilot 
and the reduced possibilities of mission aborts from tanker operational 


- problems. 


.a gdhe reliability of all aspects of the refuelig operations, including pre- 
cision in meeting rendezvous schedules, is greatly enhanced by use of 
- dual tankers. Whether they navigate independently, or average their navi- 
. gation errors 5 while cruising in company, the probable rendezvous error 
“which must be closed by search maneuvers will be reduced. abe added 


= target for the A- “11 pilot to EStect visually will also simplify his proplem eae 


and guableshin to accomplish the hookup in reduced time. 
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REFUELING 
“Complete refueling of the A-11 can be made by a KC~ 7135 tanker at . ye 


ee up to 2, 750 nautical miles from the tanker base. The operation 
requires between 10 and 15 minutes after mating. Fig. § ‘shows the 
cae “fuel transfer cxpability of the KC~ 135A as a function of radius and is. 


ae 7 si ‘based on date obtained from Tr. o. oeele)e> “1, 


ry ‘Spat 1 Fefueling c contact would begin with the A-1} starting a descent ~ : 
2 OSTA 


‘ 


+, and visual contact would} be established, leading t to. the ‘matiag 


“an 
wee pak 


compatat ity 0 of the A u and the KG-135 ie such that the refueling 


be in ” 
oS 7 eee 


: | dpetation ca can be carried out within. an altitude-epeed band of ‘between: 
Lh a a 
he Fa 38, 000 to 40, 000. feet and Mach 0. 70 to 0. 82. Mach 0. 78.and_35, 000 ia 
| : are 2 chosen as typical. Fig. P shows the variation in angle of attack of 
both t the A~11 and KC-135 as fuel is transferred. The total angle change 
between the airplanes is only abit 4.5 degrees, well within the limits 


of the refueling equipment. The thrust required for the A-11 is shown 
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REFUELING (cont. ) 
on Fig. 7, and falls within.the operational range of the engine. 


The relatively low wing loading of the A~11 that is dictated by the high 
altitude cruise condition results inthe A-11 flying at lift coefficients of 
between . Az: and 29 ‘Susins the refueling operation. Consequently, the 


A- “11 is yng well below the stall condition and close to L/D aun. 


In the cnalyais of the mission, fuel required for janeiatt hour at 35, 000 


. feet, altitude is: assumed to be burned during the process of locating and. 


. a toa ® : Bye , : ve 
; Bs “any - pilister ity 
a 


eating with the tanker. The tanker is neanizes to make good the fuel 


5 the AA dering the refueling and senves the a “it with ful o ; 


Daring the time the Aut te co the same course as lee tanker prior! ae 
ke . to hook-op and while fuel is being transferred, it will cover fies 2 to ; oe 


. al lo ‘aautieal miles before starting ite climb back to cruising altitude ee 


; ana: course. “Due to geographical limitations and the uncertainties: in> 
te : volved in predicting the exact point where hook-up will occur, no range 
credit ie taken for this distance on the approach leg. It is deena that . 
| rer will be made along the 100 nautical mile territorial limit Line 
parallel to the Russian coast and the A-11 will turn to its penetration 


* 
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REFUELING (cont. ) 


course after breaking off eontact In actual practice, this distance 


traveled ‘during refueling can often be utilized for increasing the approach 


te of the mission. 
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A-1] DESCRIPTION 


For the missions considered in this analysis, the A-ll airplane is identical 
to that described ia the basic SP-114 report, except for the following 
modifications: 

1, In-flight refueling provisions added. 

2, HEF fuel provisions deleted. 

3, Improved navigation system added. 


4. Air conditioning and cooling systems modified to account for 


“the Jonger fight duration, 


[the ¢ refueling b boom i slipway is installed well aft of the = cockpit, as shown 


: f Signal lights. The boom receptacte is , located in the forward fuselage fuel oe 


tank bay, which simplifies the fuel transfer system. 


a : 4 
: wees : ae lp 


|For the reasons 9 discussed in the Fuel Comparison section, | the provisions 


for use of HEF fuel have been deleted. The weight saved more than com- 


pensates for the weight added by the in-flight refueling equipment. 


To provide the greatest possible speed and reliability in making refueling 


contacts, a stellar-inertial navigation system replaces the gyro~inertial 
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A-ll DESCRIPTION (cont. )- 


system previously used. This change is fully discussed in the Navigation 


section. 


The quantities of expendable items which are not replenished by refueling 
(oil, oxygen, nitrogen and water) have been increased in accordance with 


_ the longer flight duration. 
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A~-11 DESCRIPTION (cont. ) 


WEIGHT AND BALANCE 
mime tae 


The weight changes to the basic A-11 are due to the removal of HEF 
provisions and the addition of a refueling system, with the associated 
increase in the service systems due to the longer mission time. The air 
conditioning system in the basic airplane weighs 750 ates this includes 
250 pounds of water and liquid nitrogen used during the mission, 100 
pounds of containers, and 400 pounds of insulation, water boiler, etc, 
oe For oF each refueling, an additional 250 pounds of coolant and 100 pounds of 
containers must be added fe the above weight. This and the other weight | 


a changes § tn the: ¢ plane ‘for the ‘mission with two eens are summarized. 


“AsIT Weight Empty oil 4 35,815 


| : Remove HEF Provisions on Engine . °360 
- - Remove HEF mae. System =200 
— co — oe “ Ranove Air Conditioning - Total ~750 won 
Add Refueling Probe-Retractable 120 
Add Refueling System | 230 
. Add Astro Correction to Nav. System 130 
Add Air Conditioning - Fixed 700 
Me Weight Empty 35, 685 
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A-11 DESCRIPTION (cont. ) 


_”. WEIGHT AND BALANCE (cont. 


: : — ce <. 
35,685 = 
_ 20 ee 
- Piet . 


| Payload : ee ‘ i ee ae eae 
e). : - “* oo . | - - es i : a ‘ Baste ae oo = 36, 590 
os on? i e - eae ae | 1. 60 
Air Conditioning Coolant (Expendable) 750: 
cee ee Pepe petri an 37, 440 
; Fuel _ | 57, 150 
es Take-Off Weight 94,590 
The airplane balance during the refueling operation is held within the 
aoeiial flight center of gravity limits by scheduling the fuel in the fol- 
lowing manner: ; | 
1, Fill sump tank, 


.) _ 2.. Fill forward wing tanks, 
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ae WEIGHT AND BALANCE (cont) 


= iS pede aa Seay 


aoe Nore 


are ; ; ; ar Ps 
fe “Fin an t forebody tank. a: 
Fut ait wing tanks, : ; 
7 
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A-11 DESCRIPTION (cont. ) 


PERFORMANCE _ : 


at, Siieeeane -- i) 


a ae The petformance ore the A- 11 sirolaab is illustrated in Fig. 10° for a 


twice, refiielea mission. This performance is based on the use of JP-150 


“fuel and the allowances and assumptions enumerated in ine following ‘para- . 


: - 2BF aphe. 


2 |The take- ott Attowance is for start, warm-up, taxi, take-off, and seca: 


‘eration of the airplane to climb speed. This amount of fuel is equivalent 
< ~ to one e matnute’ at fall atterhasace or to ten minutes idle pilus one-half minute 
on fall afterburner. One-half minute of full afterburner is sufficient to 


se a siaiane the airplane from zero to 400 knots at take-off gross weight. 


> Glimb is made on full afterburner at 400 knots equivalent airspeed to 
74,000 feet altitude. At 74,000 feet, Mach 3.2 is obtained, which is there- 
after maintained constant. The climb is corrected continuously for the 


fuel consumed and for kinetic energy. 


The cruise is made in all cases at Mach 3.2. On the approach and return 


legs over neutral territory, the cruise is made at part throttle for the 
3 
best range performance. Penetration cruise is made at full throttle to 
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A-11 DESCRIPTION (cont. ) 
PERFORMANCE (cont.) 


obtain the maximum possible altitudes -- 86,500 feet initial a STAT 
feet final. ‘The penetration range can be increased at the sacrifice of 
altitude. For example, if the penetration is cease at the maximum range 


‘conditions of the approach and return legs, the ‘penetration range at 


i sititude Gneresars from[_ nautica miles, an : ' STAT 


STAT os E increase of hantical miles. ‘The corresponding reduction in initial 


Cee “plittade is £4590 feet, and-8, 800 fect in final altitude. 


acometzy ‘and-load: tactor for a 180° ‘turn at the c midpoint, The net ettect | 


ee an The descent allowance for pe is. 100 nautical miles at cruise fuel con~. ts i 


lage c 


os sunnption. ? Guhsequent to destient, ine every case there « are 3, 600 pounds , : ; 


“ot fuel. on board, which te sufficient to fly o one Bode at 35, 000 feet altitude. . 
a One-halt. of thie is allowed to locate and establish refueling position with 
| the tanker. The’ tanker makes good this fuel and the fuel burned during 


refueling, icavinig the A-11 with full tanks. 
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- A-11l DESCRIPTION (cont. ) 

PERFORMANCE (cont. ) 
? z 
Because of the differing geographic and mission circumstances, as dis- 
cussed in the Refueling section, 100 nautical miles range credit for the 
distance travelled during refueling is applied to the return leg, but not to 
the ‘approach leg of the mission. 

Tables I and u summarize the A-11 performance for a maximum altitude 


a penetration mission with maximum range approach and return legs. 
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A-l1 
PERFORMANCE SUMMARY 
REFUELED MISSION 


~ MAXIMUM RANGE APPROACH & RETURN 
* MAXIMUM ALTITUDE PENETRATION 


TABLE I 


£ 


Approach (Base to Ist refueling) 


“Distance | [ hp. mi. 
Cruise Alt. 81,000 to 90, 000 ft. 
Speed ee Mach 3, 2 
Time. 2.60 hr. 
Search & Reserve at Refueling Point 1.0 hr. 
ih Penetration (ist refueling to 2nd refueling) ~ + 3 
a "Total Distance — | ami STAT 
_,, Distance at Altitude | ; nomi, . 7) . 
Cruise Alt.’ 86, 500 to| |... STAT 
. Speed -~ 4 :- . ae Mach 3, 2. ee 
saat “Time 0 va 2.40 hr. 
Oe Search & Reserve at Refueling Point 1.0 hr. 5 
ny Fefueting to base) a ee see . i See * ss | es wee F 
tance eo a Jn. int: a a oi 
_ 80, 000 to. 90, 000 ‘tt ws 


. °3.00 hr. * a a : 
; 1.0 hr. Se oo 


ks 7 oe Mme (Search, renee ke Deserve OF BL Otbr “ 


not Included) 


Airport Performance 
Take-off Ground Run 


Two Engines 2,900 ft. 
One Engine : 8,400 ft. 
oa Landing Ground Run Without Chute 3,000 ft. 


poe 
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? a. ae Ant) TABLE II 
Bins te ER oes _REFUELED MISSION 
ewe, MAXIMUM RANGE APPROACH & RETURN 
ane — MAXIMUM ALTITUDE PENETRATION 
ae  TP+150 | 

SEP NG WO: 2 Ge Sut sesicge a Weigh...) Used « 
> Approach: =e ea Silage OC? resign. Lbs. ———«dLbs. - 
pRola wee oF Fe = a ue - 1,930% - 
Glimb to 81, 000 ft. oes ys, 92,660 11, 720° 
as Craise at 8 81, 000 0.90, 000 ¢ ft. Soe seer | 


- STAT 


eo ae 948 : 29, 200 - = 
cans ee 41,440 3-700 =| 


40,740 1,800 ot 


38,940 (55,350) . o- | 


. Penetration 


Ss, Glimb 35, 000 to: 86, 500 ft. 94,290 8,450 - _ STAT 

STAT ’- Gruise at 86, 500 tol __] eh 
- at M=3.2 | 85,840 44,320 
Descend to 35, 000 ft. 41,230 700 


” Refuel at 35, 600 tt. 


" Search 1/2 hr. oe 40,530 1,800 ) 
» Refuet. (with 1/2 hr.. reserve - bb,r06 


1, 800 tbs.) 38,730 (55, 350) ) STAT 


*Includes 850 Iba. of expendable weight items other than fuel (oil, oxygen, 
nitrogen and water) which are consumed in the course of the mission. 


ge PA Saas 
5 ae > . : Pye eae ot, o LQ x 
. b 
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; A-ll 
TABLE II (cont. ) 
+4 & REFUELED MISSION (cont. ) ee 


MAXIMUM RANGE APPROACH & RETURN 


' MAXIMUM ALTITUDE PENETRATION 


ma Return’ 


Climb: 35, 000: to 80, 000 ft. 


““Craise at’80, 900 to 90, hs ft. 
Ce at MSS, ‘2. 
9 . Descend vad 355 000 ft. 


Loiter 1/2.hr. at 35,000 ft. 
‘oS Land with 1/2 hr. reserve 
| 2FW- . 


Pom B767A.9 


Weight 
Lbs. 


94,080 


86,180 ° 
40, 890 


40,190 


38, 390 


36,590: 


Fuel 


Used 


_ Lbs. 


7,900 


44,950. 


700 


1, 800 
1, 800 
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A-ll_ DESCRIPTION (cont. ) 
SINGLE ENGINE CAPABILITY 
beret i a ee 
In the renee an engine failure, there are alternate courses of action 


available; the A> “ul can make good the pisened mission range at subsonic 


= + 


apeed. at about 50, 000 0 feet, or the airplane can maintain peace 3.2 at 


about. 70, 000 feet: with a ‘reduction in range capability. Sines the ap- 


« : 


proach and return leas » are entirely over neutral letslonys the reduction 


vo 


i in speed an@altitude presents: no e preblene However, on the penetration, _ 


ad. 


a leg, security requires the raihtonance of the highest possible speed wna 
altitude. Since there isa range loss involved, it is desirable to evaluate 


‘the cadens under which the All can make a supersonic exit from une 


friendly territory, c or must accept the risks of lower speed and altitude. 


Figure 10.1 shows graphically the distance obtainable on one engine at 

Mach 3.2 as a function of the distance already covered on two engines. 

At the beginning of the penetration, the A~ll can retrace its course super- 
sonically on one engine and make-an exit provided no more than[ _—|miles 
of the missian have been covered. Refueling can ‘then be pee ceciaea 

and the airplane flown subsonically to its home base. Beyond [ _|miles, 
the All can continue ‘on course and schedule to the refueling rendezvous, 


Between the [mite points, the planned course must be al- 


tered to suit the applicable geography in order to make a supersonic exit to a 
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A-ll_ DESCRIPTION (cont. ) 
SINGLE ENGINE CAPABILITY (cont. ) 
new tanker rendezvous or alternate friendly base. The irregular dotted 


curve shows the distance to the nearest exits from a typical penetration 


course. In - illustrated case there is an exit within the supersonic . 
single sngiee range capabtiity a the airplane, Further analysis of the 
geography. invoived indicates! hat there are no target areas which do not 


4 provide s an’ nvaltesnate exit if the inteeion. is properly planned. 


sf 8, ay 


: It has bean shown, therefore, that the elt is not only safe aad reliable, 


_) but also secure in the event of an engine failure over unfriendly territory. 
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NAVIGATION 


For the A- tt refueled mission, a meray has been Lenade of the oeee ner 


alles It t follows that in 50% of the cases the tanker! Fr) rendezvous error. 


ae 


iat more than 22. 0. ‘autical. miles. 


toe 


: “The Acih, at the second rafueling point, has accumulated aC.E.P. of 


5 nautical mites, with the uncorrected inertial guidance system previously 


proposed: 


Combining these ice C.E.P.'s, we find a C.E.P. for the distance between 
the two alzplanes of 27.5 nautical miles. The upper curve in Fig. nh 
shows the probability of the two aircraft being a given distance apart. It 
can be readily seen that in 10% of the cases, for example, the airplanes 


find themselves 67 or more nautical miles apart. Because of the crucial 
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NAVIGATION (cont. ) 


nature of the refueling contact, and the undesirability of using search 


radar BO ) close to a : hostile coast, this precision is totally inadequate. 


= eee eer eee \ 
a a0 ‘ es wes ca ; ; : . . . ‘ 


a 


We propose, therefore, the installation of the same type navigation equip~ 
ie ment in’ ‘both aircraft - o~ - namely, the disilexscovrected inertial guidance 
s oovataan as described ia ‘Lockheed Aietate t Corporation report oh ae 14. 

~The uae of this” “equipment wil ae aC.E. P. of the distance between the 


me : e ‘airplages, of oaly 2. i nautical miles. “The 1 iewee curve in Fig. hb. shows 


the + improved distribution 80 obtained. Now, for example, in 90% of the . _ 


— cases the two aircraft are ‘within 5,2 nautical miles of each oehere as 


contrasted to 67 miles before. 


It is believed that this improvement will permit visual contact in most 
cases, and essentially eliminate the problem of missed contacts. The 
vastly improved precision more than justifies the increased cost of the 


refined system. 


> 
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EUEL COMPARISON 


i SUMMARY : 


BE, 


os A cotiparison of ne Potential performance gains available stom use of High 


Energy. Fuels snatead of IP 150 shows that they a are not sutfictently important g See 


“for this ean to Seopardize t the time schedule. and operational utlitty of, 


we Stes 
ai sae f, 


“ingt “The following considerations, discussed in this section,. lead to thie’ conelus + 


“aioni Se ai 


i vay The: 1am specitic fuel consumption icapeaveniant shown by current 
“ afterburner tests. will undoubtedly deteriorate when the boron fuel has suf- 
- fered hydrogen ¢ evolution from aerodynamic heating effects. 


bee 


2. The Aril sisplase is not volume Umited and no gain can be shown 


“through the fact that High Ene rgy Fuel requires lesa volume than J P-150. 


3. . Empty weight of the A-11 is-increased 1,215 pounds by the fuel 


system. modifications required. 


4. . The tank vent system must be capable of safely disposing of large 


quantities of hydragen gas as it evolves during aerodynamic heating. 


© Bees 


‘vou areva- t 
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FUEL COMPARISON (cont. ) 


to dapat be 
+e . 


SUMMARY (cont, yo 


: Ss “with: femperature. ie 


on , Sige Se eee ee : 
re : coo * ae See eek oe Rae 
ry 


nae 


oT “Insflight refueling will be considerably complicated, both in the 
"tanker and the A- 11, - by the need to transfer and sequence two different . 


fuels, be é oa 


Lto¥, 8. Vapor and Bmore trails from High Energy Fuel may occur at all 
“altitudes, These. effects, if present, will greatly increase the probability of 


dvtection and identification. 


Several other drawbacks associated with use of boron fuels, such as toxicity, 
cost, handling hazards, and the attendant complicated handling procedures, 
may not directly affect the A-11's reliability or performance but degrade the 


a : effectiveness of the over-all system operation. 
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FUEL COMPARISON (cont. ) 


A cursory comparison of the heating values of H.E. F.~3 and JP~150 fuel 


yee 800 bike as 100 PUN: ecaree that approximately a oe fo 


f 
a 


‘increase in ‘trplane performance might be expected bye the usé of HE. F. <3. - 


hie: ¢ impressive number has. deen bandied about in Uterature tee the = past few $ 


‘eaty was. 12k. “Some ‘oft the expected but unobtained sale. may be accounted 


fer wy. ‘the heat required to vaporize the boric. oxide (product of combustion), 


“Possible ‘igacelation of the molecules in the jet (feozen equilibrium), due 


te hgh temperature, ‘moderate pressure and high Mach number, absorbs 


energy and Aulens the esngenenta recombine into the product of combustion 


within the nozzle some of the heating value of the fuel is not realized. 


The specific gross thrust obtained by a jet of hot gases is an inverse function 
of the square root of the molecular weights of the products of combustion. 
In the case of boron fuel, the molecular weights are higher than those of 


hydro*carbon fuels. This results in an additional loss of thrust. 
: 3 : 


In order to obtain the 12% reduction of specific fuel consumption by use of 
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FUEL COMPARISON (cont. ) 


, HH. E. F. in the engine and afterburner, it. ia necessary to make modifications | 


: : bed the: engine and airplane cae eyeterns. In both cases, these involve weight 


, nereazes and complications, - cane Oo i . 


2, ‘They deteriorate when heated, , evolving eee gas which. 


es “changes, the atructure a) the fuel po regatta in lowered heating value and 


“increased viscoaity, and eventually causes a precipitant, 4 7 “ak ae 


3. ‘Some of the bork fuels are ener and must be kept under — 
“an ee aes. Even H ELF. -3, which is not supposed to be pyrophoric, 


. always contains a few percent H.£.F.°2, which is pyropharic. 


4. Many of the materials commonly used in fuel systems are not 


compatible, with boron fuels and substitutes must be found. 


; The increase in airplane weight to use boron fuel in the afterburner breaks 
te ako trig : : LAI : 4 . 
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oe FUEL COMPARISON (cont. ) —_ 
_ a 

| dbwa as folldwero 
. ae Weight Increase 

: Over JP-150 _ , a 

- System "Comments . fe 


: “360 Ibs.) From Prstt & Whitney — 


ca 5 ve 80 Ibs. 7 - Extra sump tank — 


7 a . 2 Be 230 Tbs. os : - Liquid nitrogen and. system mo oF 
ne as for 2 2 in-flight ‘refuelings aan 


oe we “200 lbs. H. E. Fe “pump, plainbing,, ates 


Meneray ee 220 Ibs. '. To wash residue from walis 


in flight 
ue ‘Refolig provisions | 125 lbs. Three-way valve & plumbing : 2 


a Total | mo “1, 215 Ibs. 


oS ae formed in the tank by the decomposition of the fuel with temper- 
: ature ahould be removed before it bakes to a hard cake. This should be 
| done by washing the walls of the tank with water-free hydrocarbon fuel, To 
do ‘this in Aight requires additional tanks, lines,. valves, etc. , with a weight 


increase of at least 200 pounds. The following questions always arise: 


_ Why do this in flight? 


9 


Why not let. it cake up and clean it on the ground? 


>. 
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FUEL COMPARISON (cont. ) 


To do this is an extremely dangerous and slow operation. As the H.E.F. is 


on heated. .beyond.a certain temperature, it evolves hydrogen gas; this changes, 
So the chemical structure of the remaining fuel to various compfex structures. 
“8 Some of these, when mixed with some of the common solvents, form shock 


at sensitive explosives. Olin Mathieson Chemical Corporation has had several 


wo “sation dieing cleaning of apparatus which has been caked with H. E. Fy 


vealdue, - ‘Lists of acceptable solvents have. been compiled which can be used, 


“4 
mo tae 
» 


S “but Ola Mathiexon, argues against allowing H.E.F. to cake. up on an , aircraft 
. 7 fael aystern and cleaning on the ground, since any safe way of doing so would 


be extremely time+conduming and the results would be questionable, unless 


a complete. inapection of all components were made ~~ an intolerable pro- 


. cedure for’ an operational airplane. Some of the personnel at Olin Mathieson 


were under the impression that the B-70 would wagh the tanks with JP fuel 


during flight. If the tanks were insulated so the H.E.F. does not reach the 


temperature where it decomposes, the problems created by residue deposit 


» would be eliminated, but the weight increases would be prohibitive. 


Fig.12 (heat of combustion of fuel - oxygen system vs. atomic number) 
shows that elemental boron has less heating value than the boron fuels, the 


principle reason for the high heating value of H. E. F.-3 (C2HsB)9H}3) 
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FUEL COMPARISON (cont. ) 

being due to the hydrogen, not the boron. When we heat H. E. F. -3 to a point 

where it decomposes and hydrogen is evolved (and wasted), we are robbing 

it of its high energy. potential. There are no known data available which show 

the heating value of H. E. F.-3 at various stages of decomporition, but it is 


cerats that the results will show a decrease in heelias value proportionate 


Figs. B and 4 uy: alee the pressure developed by Hi Cal-3 after heating to — 


‘different temperatures and times. It is apparent that the evolution of ae 


drogen cana be stopped by any pressures which could be tolerated in an 


aircraft f fuel tank. (No such: curves are available for ‘A. E.F. +3, but it is 


| similar to Hi Cal-3. a 


x n ‘. 
a 4 seed lee et 8 a as 


Most of the metals used in an Mrcrat fuel system are eeccstibis with the ~ 


| boron fuels? pROWaN SEs: most of the non-metallic compounds commonly used 


in fuel systems. are dot compatible, notably tank sealants. To cate. no 


sealant has been found which is veuistant to both the fuel and the night tem- 
peratures which will be experienced in a near empty fuel tank of a high . 
Mach number aircraft, where the skin temperatures will be in the order 


of 450°F. 
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FUEL COMPARISON (cont. ) 


The most promising materials for high temperature fuel resistant seal- 


pnts are the fluorinated elastomers. Of the many compounds tested, only . 
a few had the right Sie vsctarietixs for a sealant suitable for aircraft use. 

, The one that appeared to have the iis qualifications was Viton "A". 

- Wyandotte Chemical Company was awarded an Air Force contract to study 


“sealants, and their ‘experience with Viton "A" in the presence of He Ey E. “2 


= 


7 and H. E, F. 3 may he giaakaeicea as follows: 


bee hes Lt 


es No’ reaction occurred whee the polymer, Viton"A", was /Sub- 


24 


“tig fa an HE E. Bae, 23 bath resulted in: an peectneeal: reaction which caused 
“the tempefatare ‘of the polymex to jump to 1500°F 5 in abou five minutes. 


"There was no fire or explosion, but the polymer completely disintegrated 
ee < ts a 
and the fuel decomposed. 


“3 At some temperature less than 475°F, Viton "A" will react in 


H.E. F.-2 in a similar manner. 


4. The reaction described above is dependent upon the rate at which 


the fuel is absorbed in the polymer, and the rate at which the fuel is heated. 
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FUEL COMPARISON (cont. ) 


The need for. a sealant was MESCB BES? with both the Callery Chemical Company 


- ee a and Olin. Mathieson, the manufacturers -of Hi Cal-3 and HM ELF. -3, respec>) 


» tively. Neither: had 8 haa solution to the probleme: as they are contracted 


fe Product b boron fuels and do’ not have contracts to same eompaltsy, other. 


lay but a as yet thay have not found : a eultable sealant. 


othe fact that tase ntisfactory sealant has not been found does not mean ‘that 

| ‘there! is nok ‘one “OF that one may not be developed, but to embark on the A- “11 
~ airplane program. hoping, but act ae that a material or process is 
: available isa risky seenrapticn to ane. The A~1l program's time span is 


based on firm technology and not wishful thinking or guesswork. 


‘The inert atmosphere (nitrogen gas) which must blanket the boron fuel must 
. be carried aboard ether in high pressure Sy SRSSee: which are heavy, or 


apa + liquid, which is lighter but more complicated. 


The in-flight refueling of the A-11 airplane involving two types of fuel (JP-150 
ia : . 3 


for main burners and H.E. F. <3 for afterburners) will indeed complicate the 


> 
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FUEL COMPARISON (cont. ) 


foe system, jeopardize ad laa | and add 125 pounds of weight to the re- 


facing transfer syatem: aaa the A~ll. Extensive modifications: to the tanker's 


: oe 


“equipment woud be. required, ‘aking ita spcetat purpose aircraft, saad re~ 


| ducing’ etther its s Fange or Penal transfer capability. 


Es borie oxide smoke is similar to the scteening smokes used a 

yshemical varia, | The’ problem ‘s severe, since the smoke will persist ie “s 

; 9 | - : extensive periods of time and ‘will be visible at ‘Gene atadee: The com | 
“tral generated by B03 differ from moisture contrails in that the smoke : 
- partidles do wet evaporate ante the atmosphere. The dispersion is ddescaedt 


_ principally on diffusion and eae settling of the aecee particles. 


In addition, ‘ne ee will probably be able to recognize that a fuel other 
‘than hydrocarbon fuel is being used, when the airplane produces a trail at 


: altitudes where vapor trails would not be forecast to occur. 


The toxicity of boric oxide exhaust on vegetation is currently being investi- 
gated, It appears that boron fuels will have to be restricted to altitudes 


above 10, 000 feet to avoid this complication. 


ae 
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FUEL COMPARISON (cont. ) 


“The y aecurity problem on the A=-11 program — also pe hampered, since 


: the operational: requirement’ rd aaa approximately 50% of the proposed 2 


ae. “ape boron fast Vemecen: ‘The Aisappenrance of this quantity of fuel from the 
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. ENGINE GROWTH 


ae The. Feoulta showed that within three years of a "go-ahead, : significant 
‘gains fn aixplaas. Performance could Pe achieved by increasing either a tage 


ce oe “turbine { ‘pet agmperaturé.or or afterburner ee neem or both, as dis- 


be ek ee id cussed below: ; 


au The data received show that increasing the turbine inlet temperature 
acs ‘approximately 200°F will result in approximately 7% increase in range. 
|The following’< curve ‘shows the predicted gains due to hiceeasing turbine 


inlet lempeetne > 
-A/B temp. increase 


2.21 (current A-11) 


T.S.F.C. = 3.2, 90, 000 ft. 


2.10 (5% decrease) 
2.055 (7% deccenael: 


j 

18 30 36 

2 ie, | > | ' » Months after "go-ahead" 
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. ENGINE GROWTH (cont. yo 


gee Pete ss ite pak 


Thia thrust increase ‘is 


be in. niet thrust at M=3. 2, ae 000 feet. 


ne fenpoding to the 8. F.C. increase. With inde: however 


the thrust increase can be achieved with no change | in current s. F. Cc. 


a ‘as shown below. a te 


A temp. increase 


T.S. F.C. Me3. 2, 90,000 ft. 


2.21 (current A-11) 


RB 18. 36 
ee eee Months after ''go-ahead" 
Since the structural material of A-11 is capable of Mu3.5 operation 
temperature-wiae, the prospect of increasing cruise Mach number from 


Mz3.Z to 3.5 was also investigated. The results, using the current 
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MISCELLANEOUS (cont. ) 


ENGINE GROWTH (cont. ) 


engine with material and design changes required for Mach 3.5 operation n 


show only marginal. gains, since the engine changes cost approximately 


100 Ibs. of weight per engine. The thrust gain with increasing Mach 


" number is quite ‘small above 3,2 as shown below. 


Net Thrust: : 


ey a ee 


The reason for the eselide off of thrust is that the ram temperature rise 
at M=3.5 approaches the allowable turbine inlet temperature, thereby 
limiting fuel addition. Additional thrust may be achieved :by increasing 
engine airflow inenuah use of higher engine RPM, but this will be limited 
and would require a major redesign and a weight increase of approximately 


1000 pounds. 


The engine manufacturer has, however, recently proposed another 


‘ 5 method of modifying the J-58 engine to achieve Mach 3.5 capability 
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MISCELLANEOUS (cont. ) 
ENGINE GROWTH (cont. ) 


which shows considerable promise. The method, which will require 


approximately three years for development, consists of converting 


2 


the conventional turbojet to a bleed-bypass engine. The effect of the 
. bleed-bypass engine on the All performance is discussed in the: 


: Appendix of this report. 
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. MISCELLANEOUS (CONT. ) 


= SONTRALL DETECTION 


they vapor strate called contrails, left by jets flying at high. altitudes 


: ~ have: been a very ‘effective means of detecting airplanes in the aky. In 


oe 


2 order ‘to see aE A- a airplanes would encounter: the contrait pei a 


s : study of the available data on contrail forniation was made. It was 


: assumed that Galy ivareeaxbon fuels would be used. 


Numerous investigations have been made on contrail formation. A 
fundamental study w was made by the Cornell Aeronautical Laboratory 
(GA uy) to find the temperatures and pressures at which liquid water could 

ar ‘exist. ‘Beneien altitude bharsbes tests, CAL was able to set up a cri- 
Wee of contrail detection as a function of temperature. The CAL re- 
sults were correlated with Air Force flight data. These criterion are 
Plotted in a slightly revised form and presented in Fig. ! 

Fig./> shows a plot of altitude versus temperature with regions in 

which contrails will never form, always form, or may form, depending 

upon the amount of moisture in the ambient air. Also plotted for 


reference in Fig’)S is the ARDC Model atmosphere ~- the current standard 


wa tlay 
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MISCELLANEOUS (CONT. ) 


; CONTRALL DETECTION (cont. ) 


tego SE —_—- =e \ 


: * checked'w with, b flight eeee The data poreclated eid comely well. The 


ese ae 


; probability “data on ‘gontrail formation is partially reproduced aeiow 


c_above report for IP-4 dade 


ge tag 


r-of Gontrail: Fotmation. . 
sPa4 Fuel! 


Percentage” * = anuary 


Northern Hemisphere 


w 

o 

oO 

o 

nas 
OQ . 
ao 

i=) 


oo Aititade /Latitude.( N) zo 30 ~~ «40 
: ~- (1000.ft.) 
~ 1000 ee 0 ) 0° Oo i) lL. 
; 90. a er 0 0 0 0 0 4 
a 80. . - 0 0 0 0 0 3 5 
70 eH a 63 0 0 1 a 24 
< - 60 +. 99° 94 8 3 12 20 28 
oe 7 Percentage ~ April 
-100 3s 0 - 0 0 0 ) 0. 0 
90°. “0 0 0 0 i) 0 0 
- 80. 07 0 0 0 0 0 0 
- 70 3 1 0 0 0 0 0 
= 60 hag 99 65 4 0 0 0 0 
Percentage - July 4 
“100 . 0 0 ) 0 0 0 0 : 
. 90 o . 0 0 0 0 0 1) : 
80 ts) 0 0 0 0 0 0 : 
70. 1) 0 0 0 0 0 Oo. : 
60. 98 70 10 0 0 0 0 : 
iene Percentage - October ; : 
100 0 0 0 0 0 0 80 : 
90° 0 0 0 0 0 0 0 
80 3 0 0 0 0 0 0 0 
“70 2 1 0 0 0 0 0 
98 90 30 8 3 1 2 
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MISCELLANEOUS (CONT. ) 


CONTRAIL DETECTION (cont. ) 


- = - : es 


“day, the polar atmosphere, and the Mil. Std, 210A extreme, cold dey, 


oon which cupepsedes. the ANA 421 cold d day. The tropical day was lef off, 


in oe 


. = = feet, “will not have a -contrail problem. ‘The extreme cold day shows that . 


contrail formation is possible; however, these conditions are not very | 


probable. — a, . ae 


Cornell. findings also indicated that whereas contrails with a small con~ 
tent of water can be seen in bright sunlight with clear skies, under cloudy 


conditiona only contrails with much greater water content can be detected. 


A thorough study of contrail prediction and prevention was also made by 
ARDC. The results of this study are presented in Secret Report No. . 
AFCRG-TN-58-451, This report deals with contrail problems at lower 
altitudes (30, 000, to 50,000 feet) and the use of alternate fuels to minimize 


contrail formation. A method of contrail prediction was derived and was 
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A) GEE bg 


pe rare DETEC CTION (cont. ) 


Pore 


STAT 
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_ MISCELLANEOUS. (Cont. ) ..- 


SHOCK-WAVE NOISE PROBLEM “is oe ee 


a - c . 3 ® Mes sh ot 


a he: verti of » large ‘amber of f supersonic airplanes over populated. : ie: - 


te tire Sean ae a 


slow noise, enfensity 1 level Combined with the & nartow’ Patera i apeeag . 


we 


3 cs ‘ r ‘ 
Numerous theoretical methods of predicting the pressure amplitudes 


we os ae > - lon 
cay 


_ wenerated »y supersonic aircraft are available. All of these theories, ua 


“et ~ 


however, consider only a homo genedus atmosphere and thus neglect such 


Pee as e atmosphiortc attenuation sactore as: (1) factors which affect the variation. 


53 in speed, of sound in atmosphere (temperature, moisture content, dust 


a ee “content, ‘aloud cover), (2) factors tending to disperse the )ietasbance” 
= j 


(wind. sradients, turbulence), (3) factors affecting energy ; dissipation | 


ep . wt, _(vacosity, molecular energy transfer), (4) factors directly. ‘sifecting 
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MISCELLANEOUS (cont. ) 


SHOCK:WA VE NOISE PROB LEM (cont. ) 
ee a 


rs the overpressui aie intensity ( (pressure gradient), and (5) the ground re= 


‘ Capea st 


and: type. oF terrain: ; Most of the above factors tend ” 


a “The quitions are  gulte involved and cannot be solved Sendliy except, 


for simple body. and wing planforms. Numerous other theories are avail- 
RG able but beet of them ‘neglect the lift. ‘contribution, which is patticatasiy 


isarient at altitudes above 35, 000 feet. 


The best simplified equation is the one presented by Maglieri and Carlson 
of NASA, first presented at the NASA Conference on Aircraft Operational 
Problems in ‘November, 1958, and later issued as NASA Memo 3-4-59L, 
This paper presents a theory which accounts only for the volume compo- 
nent for noise and assumes a er factor to account for the area and lift 


ss 3 
distribution, It also includes a ground reflectivity constant not included 
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‘MISCELLANEOUS (cont. ) 


‘SHOCK-WAV VE. NOISE PROBLEM (cont. ) 
Poet gee Pe ee ae 


ote the. other theories, The. paper also compares its sheers. was some. 


~All test data: and fives'c correlations with ‘the subjective reactions of 


we # 


. eifect of Mac mimber is areatest between 1.0 and L “i with only a slight 


de, rr 


“increase with Mach numbers above ‘ 3. The effect of sine is secondaiy, 
At altitudes above 85, 000 feet us noise generated is not objectionable 


‘to ground observers. 


‘Using the NASA: BEDE Ye the pressure amplitudes eenreeee by the A-ll. 
Airplane during: alin, ane cruise were calculated and are presented fe 
Fig. 16. The eaiedigiea data tend to be conservative hae a homogeneous 
atmosphere, a maximum ground reflection factor of 2. oy and a minimum | 
. overall fineness ratio of 8.9 for the A-ll “ace assumed. The curve in- 
oe , | ; dicates toast the As will opavkte in a region of a barely audible explosion. 
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‘MISCELLA HBOUS (cont. ) 


SHOGK-WA VE NOISE PROBLEM Arent: ) 
Ba Ste Wo ae ee gan gg eee 
_ throughout its cruise. A omall M= 4. 0 delta eevee eirpiane runing a 
: oo aos 100, 000 feat is also plotted and falls is 2 they same noise spectrim, These F) nets 


2 


repilte would be typical for. any eupenecuie aiepless flying at 90, 000 feet, 


rit 


: _ Ac eset, calculated psing ‘the complex Witham theory, it 7 mo : 
mens to make two basic assumptions for the A-ll airplane in he 
eC : s ‘order | to o integrate complex equations: (a) the body is perabeltc and, 
: : : = ; ; 0) the ust distribution is linear for the wing. . Both of these sis caceioas 
| are quite Seasce bik “The results of the calculation at 90,000 feet fall 


within the noise spectrum predicted by NASA theory as noted in Fig. 16, 


t 
Also plotted in Fig. 16 are flight test data for the F-101, F-10¢‘and the 


B-58 airplanes, anda calculated spectrum for the B-70 airplane. 


It is interesting to note that the F-Pl'test point is one in which a eee 
plate glass window (128 in. x 90 in. ) in the vicinity was cracked. The 
pressure amplitude of approximately 2 psf is equivalent to a 28 mph wind 
velocity. According to a glass manufacturer's ' catalogue this size glass 


> eae should be able to withstand a steady loading of 8 times this pressure. 


¥ 
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"MISCELLANEOUS (cont. ) 
SHOCK-WAVE NOISE PROBLEM (cont. ). 
Therefore the glasa eracking may have been due to Stresses in the glass 


ieee : et caused BY. tenpropei- installation or- padequate: support. Similar: windows . ‘ 
i b: as8 a a a ao i 


: in the area id: fot break. “Much: more information is. required before 


conclusive cox clation with damege can be made, ont ; a 


or ao tad. has been Umited to. e station 1 airdctly in the o flight: 


fo 


read’ however ie of considerabie interest, The only. 


ts Wen bgt 


y “data vailabl ‘a tape given. in in the NASA report. The latter, preseats fight . 

ey. “ | test: data for a 1015 J aixplene flying at 35, 000 feet, Mi ae 3. . This flight 

oe generated an Sverpreasure of L 6 psf along the flight path, which aiseipated 
| “half, this "value lateral distance of 10 miles and to zero in 5 miles, The - 


; sharp Meutott" is. attributed to refraction effects which are associated with 


temperature gradients ths the atmosphere. 


It should be noted that the higher overpressure values occurring at lower 
altitudes would not pose a problem with the A-ll airplane Since these would 
occur only in the Edwards. Air Force Base region nedee the Proposed operating 


ac hedule. 
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APPENDIX 


‘PERFORMANCE GAINS WITH 


“». ‘THE J-58 BLEED-BYPASS 


+, 


eee he he oe ENGINE 


pos 


a Frat & Whitney has: recently. supplied some sovences data on a bleed- anes eas 
* as / . ar “ 
oe ms, i 


+ bypaes modification of the J 58 engine. The bleed- “bypass: efigine will 


pote! a “Mach 3. Bi cruise capability for the . = ll irslade and an pvernge 


Hicteae of 5, Goo feet 3 in cruise altitude,, while ‘Keeping the mission range 


“and takeott ‘weight eduentially t the same as that established i for the , airplane. 


an cs 


: equipped with, the standard. J- 58 engine, 


oa 
ee x 
e¢ 


: “The engine maoataeuitsa consists of ducting approximately 20% of the 


compressor airflow through the fourth stage bleed ports toa shrouded 

: turbine. In this manner, turbine inlet temperature can be substantially 

aa raised with only a ‘small increase in structural weight. The sixoud Ener 
vides the structural Bertion of the turbine and is cooled by the bleed flow. 


The desien is achieves with no increase in engine frontal area. 


The performance improvement of the bleed-bypass engine relative to the 
es conventional J~58 turbojet at M=3.2 and 3.5 is given below for three (3) 


different altitudes: 


a “ Altitude (feet) STAT 
ne Mach No, : | 32/35 3.2 13.5 3.2.|3.5 

) : - ; | Increase in 1 Net Thrust, % 15 22.4 | 13.6 | 23.7 13.3 | 22.7 

Rite Decrease in SFC, % 0 0 1.3 0 1.3 0 
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- de ih tee . '.. APPENDIX (cont.) , 


When the bleed- -bypass engine CPrERUne at M=3.5 is compared to the 


: current ‘engine operating at M=3.2, the net thrust increase ranges from 


meee ae ae 2 26 to 30. 0 percent with, an SEC increase of 4 percent. _ 7 Ses 
.: = The above; -seing achieved by the > by-pass engine are accompanied bya 
: “, weightifhcrende ‘of: ido. Ibs. over the M: = 2J- 58 turbojet. Since the. Bf Soe ae yf 
oe i - co oe I-58, weight would: have to be: increased 106 Ibs. to permit operation oe 6°. 


Me 23. Be: i net, eight increase of only 100 Ibs. is requtred for the bleed= 


re : aie 


4 bypass feature which, increases inflow approximately 20 percent and re=", 


a 


tte 


‘a 


_ - duces turbine inet! tempe rature, The engine manufacturer estimates 


‘ ae fe eS we 5 


‘that an approximate three-year period would be requived tox: this de- 


o velopmeat., 


7 “A preliminary analysis of the limited ‘engine data available shows that 


Ve 


at constant airplane weight the fuel economy as defined by nautical miles 
per pound is increased by more than three percent at the higher Mach 3.5 
cruise speed. The improved economy occurs despite the increased engine 


SFC's because of the higher cruise’speéd. The increased miles per pound 


decreases the fuel required for each cruise period by about 1,000 pounds. 


The zero fuel weight can therefore be increased by 1,000 pounds without 
rate _ : ‘ 3 
ey increasing the initial weight. 
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APPENDIX (cont. ) | 
The airframe weight increment necessary to provide a Mach 3. 5 capability 


has ‘not been well desined due to the limited time that the engine data hae 


be en- ievailables:: 


oa 
ae “The Beg eunesy work dots indicate t! that the 600 pounds re- 


a 


_Taining ‘after increasing the engine weignt by 200: pounds. each will cover 


\ 


“the major changes necessary. 


ae “sppeare: thai the bleed=bypese modification to the ‘I-58 engine will ‘tas oa 


at Grease the A: a ‘peitormance capability by 


dngredeing ©: ean Mach to 3.5. 
a “Increasing cruise altitude to 90, 000 feet at penetration and 


i [freer tt the end of cruise, an average of about 3,000 feet. 


.. These gains accrue for the same mission radius and essentially the same 


“takeoff weight.” = : 


fe eudcale i fee as ve oe : ot ee : ene i = ss oe a ; , a = - ; : a = 
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